A tumor promoter in two-step carcinogenesis, phorbol 12-myristate 13-acetate (PMA), has various biological and biochemical effects on susceptible tissues (1, 2). One marked biological effect of the application of PMA to the skin of mice is an increase in ornithine decarboxylase (L-ornithine carboxy-lyase, EC 4.1.1.17) activity (3, 4) . The resulting increase in putrescine concentration is supposed to initiate a series ofevents leading to synthesis of DNA and protein and then to proliferation of cells (5) . Because histamine has also been suggested to be involved in some types ofcell proliferation, such as development ofrat and mouse embryos, wound healing, and growth of some experimental tumors (6), we examined the effect of PMA application on the activity of histidine decarboxylase (HisDCase; L-histidine carboxy-lyase, EC 4.1.1.22), the key enzyme for histamine production, and found that the HisDCase activity in mouse skin increased by a factor of about 10 after a single application of PMA (7) . The increase in ornithine decarboxylase activity after PMA application has been demonstrated to occur in epithelial cells (1) (2) (3) (4) , but the type of cells responsible for the increase in HisDCase activity has not been determined.
Schayer (8) and Kahlson and Rosengren (6) claimed that the rapid increase in HisDCase activity was associated with "inducible HisDCase" in cells other than mast cells and that the histamine synthesized by the inducible HisDCase was not stored in cells but was released and metabolized immediatelythat is, that it was nascent histamine. As the histamine concentration of the skin did not increase after painting PMA on the skin (7), the increase in HisDCase activity after this treatment may be due to induction of HisDCase in nonmast cells. On the other hand, since mouse skin contains many mast cells (9) , the increase in HisDCase activity may be attributed to mast cells, which may produce histamine after its depletion by PMA painting (7).
Kitamura et aL (9) found that a double gene dose of mutant allele at the W locus has-a profound effect on the development of mast cells. The number of mast cells in the skin, stomach, caecum, and mesentery of adult W/WV mice is less than 1% of that in congeneic +/+ mice. Although the number ofmast cells was counted with the optic microscope after staining with toluidine blue, the lack of mast cells in the W/W" mice was confirmed by assaying the concentration of two substances that characterize mast cells-i. e., heparin and histamine. Nakamura et aL (10) isolated glycosaminoglycan fractions from the skin of W/Wv and +/+ mice. Although the contents of hyaluronic acid, chondroitin sulfate, dermatan sulfate, and heparan sulfate in the skin of the W/Wv mice were comparable with those in the skin of the +/+ mice, heparin was not detectable in the skin of the W/Wv mice. Yamatodani et al. (11) recently determined the concentrations of histamine in various tissues of W/ Wv mice and found that the value in the skin is about 2% of that in congeneic +/+ mice. In the present study, we used W/Wv mice to examine whether mast cells are responsible for the increase in HisDCase activity after application of PMA.
MATERIALS AND METHODS
Mice. WBB6F1 (WB-W/+ x C57BL/6-Wv/+)-(W/Wv, +/+) mice were raised in our laboratory from parental strains as described (12) . The W genotype of the animals was easily identified by the coat color. Mice were used at 2 to 3 months of age.
Paintingwith PMA. The skin ofthe back ofthe WBB6F1 mice was shaved 2 days before experiments, and only mice not showing regrowth of hair during this period were used. PMA (17 nmol in 0.2 ml of acetone) was painted on the shaved skin with a brush. Control mice were painted with 0.2 ml of acetone. Animals were killed by cervical dislocation at various times after application of PMA. A piece of dorsal skin (2.5 X 2 cm) was removed and a small piece (0.5 x 2 cm) was used for histological Preparation of Epidermis and Dermis. The epidermis and dermis were separated by the method of Raineri et al. (13) with minor modifications. Briefly, pieces of dorsal skin of freshly killed mice were placed in water at 550C for 30 sec and then in ice-cold water for 30 sec. Then the skin was placed, epidermis up, on a cold plate and the epidermis was scraped offwith a razor blade. In this way, the epidermis was well separated from the dermis, as shown histologically. Sufficient material was obtained by pooling specimens of epidermis of five mice. Bone Marrow Cell Suspension and X-Ray Irradiation. Bone marrow cells were suspended in 0.5 ml of Eagle's medium as described (14) . A Toshiba x-ray machine was used for irradiation of animals. The conditions of irradiation were as described (15) . Bone marrow cells were injected within 3 hr after x-ray irradiation.
Counting of Leukocytes. Blood samples were obtained from the lateral tail vein. Leukocytes were counted with a hemocytometer. Smears were stained with May-Grunwald solution and Giemsa's solution. Differential counts were carried out under oil immersion.
Analytical Procedures. Pieces of skin (2 X 2 cm, 100-400 mg) were cut up and homogenized in 2 ml of solution A [0.1 M potassium phosphate buffer, pH 6.9/0.01 mM pyridoxal-5'-phosphate/0.2 mM dithiothreitol/1% polyethylene glycol (average molecular weight 300) containing the protease inhibitors antipain, chymostatin, leupeptin, and pepstatin at 2 ,geach per ml] in a Polytron (Kinematica) operated three times at maximum setting for 10-sec periods in an ice bath. The homogenate was centrifuged at 12,000 x g for 20 min, 10% of the supernatant was mixed with 9 vol of 3% perchloric acid/5 mM EDTA, and the supernatant obtained by brief centrifugation was used for histamine analysis. The remaining 90% of the supernatant was dialyzed three times against 50 vol of solution A and used for HisDCase assay.
HisDCase Activity Assay. HisDCase activity was assayed with 0.25 mM histidine in solution A but with the four protease inhibitors at 20 ,ug each per ml and 0.2 mM aminoguanidine to prevent further degradation of histamine formed during the reaction (7). Assays were carried out in parallel with a mixture containing 1 nmol of histamine as an internal standard and a mixture containing no histidine as a blank. The recovery of histamine was more than 90% in all cases. Histamine formed during the reaction was separated from histidine on a small column of Amberlite CG-50 and measured with o-phthalaldehyde as described by Shore et al. (16) with the autoanalyzer system developed in our laboratory (17) . Histamine Analysis. As described above, 10% of the extract was mixed with 9 vol of 3% perchloric acid/5 mM EDTA and the mixture was centrifuged at 3,000 X g for 10 min at 4°C. The supernatant was applied to a column of Bio-Rad AG 50(4 X 50 mm) equilibrated with 0.2 M sodium phosphate buffer (pH 6.5). The column was washed with 5 ml of water and 10 ml of 2 M HCI, and then histamine was eluted with 6 ml of 3 M HCI. The solution was evaporated to dryness at reduced pressure, and the residue was dissolved in 0.05 M HC1. A sample of 100 ul of the solution was injected into a TSK-IEX 510SP column [0.4 cm (inside diameter) x 25 cm] and the column was developed with 0.2 M sodium propionate, pH 4.0/5 mM EDTA/0.5 M NaCl/ 20% (vol/vol) methanol. Histamine in the eluate was converted to fluorescent products by the o-phthalaldehyde method (16, 18) using the continuous flow reaction system developed in our laboratory (11) . Fluorescence intensity was measured with a fluoromonitor (HITACHI 650-10 L) equipped with a recorder.
Protein Determination. Protein was measured by the method of Lowry et aL (19) with bovine serum albumin as a standard.
Chemicals. PMA was purchased from Consolidated Midland (Brewster, NY). Protease inhibitors (antipain, chymostatin, leupeptin, and pepstatin) were purchased from the Protein Research Institute (Minoh, Osaka, Japan), and their solutions were prepared as described by Kato et al (20) .
Calculation of Statistical Significance. Values were compared by Student's t test [not significant (NS), >0.05].
RESULTS
Increase in HisDCase Activity and Histamine Level After Treatment of Mice with PMA. PMA was painted on the dorsal skin of +/+ and W/Wv mice, the mice were killed at various times after the application, and the HisDCase activity and histamine concentration of the whole skin were determined.
HisDCase activity increased not only in the skin of +/+ mice but also in the skin of W/WV mice, which genetically lack tissue mast cells. There was no significant difference in HisDCase activity in the two strains throughout the observation period, except that at 12 hr, when the HisDCase activity in +/+ mice was the highest, it was a little higher than that in W/Wv mice (P < 0.02) (Fig. 1) . The concentration of histamine in the skin of +/+ mice decreased significantly after PMA application. In contrast, the histamine content in the skin of the W/Wv mice was significantly increased 8-12 hr after PMA treatment and decreased to the normal level 48 hr after PMA application (Fig.  2) . In spite of the increase in histamine concentration, no significant increase was observed in the mast cell content of the skin of the W/Wv mice (data not shown). (13) . A significant increase in HisDCase activity was observed in the dermis (Table 1) . Although the increase in HisDCase activity was also observed in the epidermis (Table  1) , this did not contribute significantly to the total increase of enzyme activity in the whole skin because of the following two reasons; (i) in the stimulated skin, the HisDCase activity in the epidermis was much lower than that in the dermis and (ii) the weight of epidermis was about 10% of that of dermis.
Effect of X-Ray Irradiation on the Increase of HisDCase
Activity Induced by PMA Application. The two experiments described above show that nonmast cells in the dermis are responsible for the increase in HisDCase activity induced by PMA application. During histological examinations of mast cells, we noticed that many neutrophils and macrophages had infiltrated into the dermis of both +/+ and W/Wc mice after PMA application. Examination of the skin at various times after PMA application showed that the degree ofcell infiltration paralleled the activity of HisDCase. Because lethal whole-body x-ray irradiation abolishes the production of neutrophils and monocytes, we examined the effect ofx-ray irradiation on the increase of HisDCase activity induced by PMA application. As shown in Fig. 3 , neutrophils, lymphocytes, and monocytes were depleted almost completely from the third day after irradiation (800 rads; 1 rad = 0.01 gray). Therefore, +/+ and W/WV mice were irradiated, PMA was painted on the dorsal skin 2, 4, and 7 days later, the mice were killed 12 hr after PMA application, and the HisDCase activity in the dorsal skin was determined (Fig. 4) thatmost ofthe HisDCase activity in the skin ofuntreated mice is-also not derived from mature mast cells.
After PMA application, the histamine concentration de- The increase in HisDCase activity after PMA application was suppressed by x-ray irradiation (Fig. 4) (24) and the localized mast cell precursors are relatively radioresistant cells (25) , part of the increase in HisDCase activity in +/+ mice may be attributable to the differentiation of local- (1982) 6841 ized mast cell precursors into mature mast cells.
Bone marrow transplantation restored the increase in HisDCase activity after PMA application, which was suppressed by x-ray irradiation (Table 2) . Thus, the cells that respond to PMA application by producing histamine are derived from bone marrow. Although mast cells also originated from the bone marrow, mast cells were not detectable in the skin of W/W" mice 8 days after bone marrow transplantation. This result is consistent with the finding of Kitamura et al. (9, 26 ) that the number of mast cells in the skin of W/W" mice starts to increase 35 days after transplantation ofbone marrow from congeneic +/+ mice. Therefore, the present results suggest the presence of two kinds of histamine-producing cells that are derived from bone marrow: one is mast cells with basophilic granules, and the other is nonmast cells without basophilic granules. Mast cells store histamine, but nonmast cells release histamine quickly after its production. The latter do not seem to be basophilic leukocytes, because mice do not have this type of leukocyte (27) . Because infiltration ofneutrophils and macrophages was observed in the skin after PMA application, it should be determined whether or not these cells contain this enzyme. Moreover, further identification of the cell types responsible for HisDCase activity should be carried out.
